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3. Emittance s p e c t r a  of samples from t h e  Mono Craters area. 
Emittance s p e c t r a  of weathered samples  from t h e  Mono Craters area. 
4. 
5 .  Sample l o c a t i o n  map - Mono Craters area, C a l i f o r n i a  
6. Geologic map of t h e  Pisgah Crater area, C a l i f o r n i a ,  showing 
Emittance s p e c t r a  - Ves icu la r  o l i v i n e  b a s a l t s  - Pisgah Craters a rea .  
sampling l o c a t i o n s .  
INFRARED SPECTRAI, EMITTANCE OF ROCKS FROM THE PISGAH CRATER 
AND MONO CRATERS AREAS, CALIFORNIA 
I David L. Danie ls  
ABSTRACT 
A Block Engineer ing Inc .  Model I-4T in te r fe rometer - type  
spec t rometer  was used t o  rncasure thc  s p e c t r a l  emi t tance ,  i n  t h e  
8 t o  1 4  micron wavelength band, of v a r i o u s  rock t y p e s  from t h e  
P isgah  Crater and Mono Craters a r e a s  i n  C a l i f o r n i a .  The e m i t -  
t a n c e  s p e c t r a  of a c i d i c  igneous rocks ( r h y o l i t e  o b s i d i a n  and 
pumice, Bishop Tuff ,  q u a r t z  monzonite) are v e r y  similar and are 
s p e c t r o m e t r i c a l l y  d i f f i c u l t  t o  d i s t i n g u i s h  one from t h e  o the r .  
T h e i r  s p e c t r a ,  however, do d i f f e r  from t h e  s p e c t r a  of b a s a l t  from 
b o t h  l o c a l i t i e s .  
INTRODUCTION 
The p r i n c i p a l  o b j e c t i v e  of  t h i s  i n v e s t i g a t i o n  i s  t o  measure t h e  
i n f r a r e d  s p e c t r a l  emi t tance  of  n a t u r a l  rock s u r f a c e s  from two NASA 
t e s t  si tes.  Samples examined came from t h e  Mono C r a t e r s  a r e a  near  
Lee Vining, C a l i f o r n i a  and from Pisgah C r a t e r ,  40 miles e a s t  o f  
Barstow, C a l i f o r n i a .  
sens ing  i d e n t i f i c a t i o n  schemes based upon s p e c t r a l  emission d i f f e r e n c e s  
can be formulated.  
a tmospheric  window. 
S p e c t r a l  emit tance d a t a  i s  needed b e f o r e  remote 
The s p e c t r a l  r e g i o n  concerned i s  t h e  8-14 micron 
Weathering, l i k e  s u r f a c e  roughness and g r a n u l a t i o n ,  a l t e r s  t h e  
emi t tance  s p e c t r a  of  r o c k s ,  e f f e c t i v e l y  reducing t h e  d i f f e r e n c e s  i n  
s p e c t r a  among d i f f e r e n t  rocks.  The aim of  t h i s  work was t o  determine 
i f  enough o f  t h e  s p e c t r a l  s i g n a t u r e  i s  r e t a i n e d  t o  be recognizable  
f o r  t y p i c a l  samples o f  weathered rocks.  
The i n f r a r e d  s p e c t r a l  emit tance o f  a wide v a r i e t y  of  r o c k s  i s  
w e l l  known l a r g e l y  due t o  t h e  work of  Lyon (7,8,9,10) .  
s p e c t r a l  emi t tance  d a t a  f o r  rough-surfaced r o c k s  i s  a v a i l a b l e  (7 ,  8, 9 ) ;  
Cons iderable  
t h e  e f f e c t  o f  g r a n u l a t i o n  on t h e  s p e c t r a  o f  rocks  h a s  a l s o  been inves-  
t i g a t e d  (7 ,  8, 11). Lyon and P a t t e r s o n  have measured t h e  s p e c t r a l  





The l o c a t i o n  o f  t h e  samples from t h e  Mono Craters area i s  
shown i n  f i g u r e  5. The geology of t h e  same region  may be seen  i n  
prev ious  r e p o r t s ;  Technica l  L e t t e r s  9 ( r e f .  5) and 1 2  ( r e f .  4 ) .  
Figure  6 shows t h e  geology and s a m p l e  l o c a t i o n s  of t h e  P isgah  
Crater area. Sample d e s c r i p t i o n s  a re  l i s t e d  i n  t a b l e s  1, 2 and 3 .  
A t  t h e  sampling l o c a l i t i e s  a wide v a r i a t i o n  i n  weather ing and s u r -  
f a c e  roughness w a s  observed. Samples  c o l l e c t e d ,  however, were 
es t ima ted  t o  b e  average i n  t h e s e  v a r i a t i o n s .  
i nches  were cu t  from t h e  samples,  r e t a i n i n g  one l a r g e  na tura l  s u r f a c e .  
S labs  about 3 x 3 x 1 / 2  
Instrument  a t  ion 
The f l a t ,  reverse s i d e  of t h e  c u t  sample  is  p laced  on a t e m -  
pe ra tu re - r egu la t ed  h o t  p l a t e  and heated t o  345'K (72'C) by conduct ion.  
The h o t  p l a t e  and sample  a r e  enclosed i n  an aluminium box measuring 
7 x 7 x 7 inches  wi th  1 / 2  inch  walls blackened on t h e  i n n e r  s u r f a c e  
( 3 M  Velvet  Black Enamel) ( f i g .  1). The upper s u r f a c e  of t h e  sample 
r a d i a t e s  i n t o  t h e  Spectrometer  o p t i c s  which receives t h e  r a d i a t i o n  
through a h o l e  i n  t h e  t o p  of t h e  box. 
The purpose of enc los ing  the sample i n  a b l ack  box is  t o  c o n t r o l  
t h e  r a d i a t i o n  environment s o  t h a t  emi t tance  c a l c u l a t i o n s  w i l l  b e  s i m -  
p l i f i e d .  The spec t rometer  d e t e c t o r  produces a s i g n a l  p r o p o r t i o n a l  t o  
t h e  d i f f e r e n c e  i n  s p e c t r a l  radiance between t h e  sample  and d e t e c t o r .  
The re fo re ,  t h e  ze ro  l i n e  on the  s p e c t r a l  c h a r t  repre .sents  no t  z e r o  
r a d i a n c e  b u t  t h e  r ad iance  of t h e  de t ec to r .  
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To o b t a i n  emi t tance  va lues  as a simple 
a blackbody s i g n a l ,  i t  i s  necessary t o  
wi th  t h e  b l ack  box enc losu re  radiance.  
r a t i o  of t h e  sample  s i g n a l  t o  
ba lance  t h e  d e t e c t o r  r ad iance  
This  i s  done by keeping them 
a t  t h e  same temperature  (30-31OC). 
i s  developed i n  t h e  appendix. 
The s p e c t r a l  emi t tance  equa t ion  
The b a s i c  ins t rument  used i s  t h e  Model I-4T I n t e r f e r o m e t e r  
Spectrometer  made by Block Engineer ing I n c .  of Carbr idge ,  Mass. The 
g e n e r a l  c h a r a c t e r i s t i c s  hove been descr ibed  elsewhere (1, 2 ) .  The . 
c h a r a c t e r i s t i c s  are: Detector-ambient tempera ture  the rmis to r  bolo-  
meter; wavelength l i m i t s  2 t o  1 6  microns; f i e l d  of view 15'; reso-  
l u t i o n  about 35 c m - l  (0 .3  micron a t  10 microns)  f o r  1 / 2  second, 500 
micron m i r r o r  sweep. 
The spec t rometer  ou tput  i s  processed by a General  Radio record ing  
wave ana lyze r  which performs t h e  p a r t i a l  Four i e r  t ransform and p l o t s  t h e  
spectrum on c h a r t  paper  i n  t h e  form of v o l t a g e  ve r sus  f requency,  repre- 
s e n t i n g  s p e c t r a l  r ad iance  ve r sus  wavenumber. These vo l t ages  are read 
o f f  as d i v i s i o n s  on t h e  c h a r t  paper a t  about  30 p o i n t s  a c r o s s  t h e  8 t o  
1 4  micron band. 
l e n t  va lues  f o r  a blackbody a t  the  same temperature .  
b r a t i o n  i s  ob ta ined  from an absorp t ion  spectrum of po lys ty rene  f i lm .  
r e s u l t i n g  emi t t ance  s p e c t r a  are shown i n  f i g u r e s  2-4. 
The va lues  are t a b u l a t e d  and then  d iv ided  by t h e  equiva- 
The wavelength cal i -  
The 
Temperature Measurement 
The a c c u r a t e  measurement of  sample s u r f  ace  temperature  w a s  t h e  ch ie f  - 
exper imenta l  d i f f i c u l t y ,  Small  t he rmis to r  probes (3/16" diam., 1/16" 
t h i c k  d i s k s )  were pressed  a g a i n s t  t h e  rock s u r f a c e  wi th  a spr ingloaded  





The t i i c rna l  con'iinui:ty x i s  i.ncreased belxeen probe and s u r f a c e  xi t in  
t h e  use of s i l i c o n e  g rease  ( t r a n s i s t o r  heat; s i n k  g r e a s e ) .  
b e s t  c i r c u r s t a n c e s  (po l i shcd  s e r q l e  of  h igh  t'nerr:lal c o n d w t i v i t y )  
t h e  ther-mistor probe i i i l l  r e g i s t e r  t h e  correct temperature  as 
judged by i t s  spectra.  i n  coxparison x i t h  t h e  blackbody s p e c t r m .  
Hoxever, >;it> t h e  rou& sawles used i n  t h i s  viork, t h e  nleasured 
t e q e r a t u r e  using the surface thermistqrs ha.d l i t t l e  m a n i n g  and 
Under 
vas ift2el:foi-e no i us~ci. i l l  pi'pvc li CC?, tile sa!p,lt' ~ c A I ~ J ~ ~ ~ L ~ ~ u I : ~  i i ~ s  
increased  si;ep:;ise u n t i l  the sm-~ple r ad iance  curve j u s t  f i t  under 
t h e  blnc!cbody curve a t  345°K. 
indicated.  a t e m p e r a t w e  7-15" t o o  lo:-!. 
i s  t h a t  one p o i n t  (E\)) on t h e  r e s u l t i n g  e r i i t t ance  ciirvc riill .  hsve 
a va lue  that; approciches o r  equals 1. This i s  not  a n  unreasonable 
r e s a t .  I n  t h e  tioric of  Coblentz ( 3 )  t h e  r e f l e c t m c e  or rnost 
. s i l i c a t e s  a p p r o x h e s  zero a t  about 7.5 rnicroiis . 
i s  u s u a l l y  . 9 7 - l . . O O  a t  7.5-7.7 r:iicrons. 
emi t tance  carve  i s  a c t u a l l y  nea r ly  unilijr, then  t'ne a b s o l u t e  emi t tance  
va lues  w i l l  be i n  e r r o r .  
Tlne t h e r m i s t o r  probe Ynen gene rz l ly  
The resu l t ;  of  t h l s  p r a c t i c e  
I n  t h i s  v53rk (Ey) 
Hoxever, i f  no p o i n t  on the  
Blackbody Reference 
A blackened cone (45")  set  i n  one fzce of a sheet copper cube 
. filled biith m t e r  ( L e s l i e  Cube) was t h e  blackbody s t a n d a r d  used. 
Two other s t m d a r d s  were t r i e d  and  r e j e c t e d ;  1) a n  aluminium biock 
3 x 3 x 1 / 2 . i n c h e s  viith one f ace  pa in ted  viYn 3M brand  Velve t  Csat- 
i n g  (b l ack  e n m c l  101-ClO); t h i s  had a 9% emit tance d i p  a t  9 n ic rons ,  
4 
I -  
2 )  a b lock  of i n j e c t o r  t ype  r a z o r  b l ades  b o l t e d  t o g e t h e r  (Lyon, 1965, p. 721); 
t h e  emi t t ance  was found t o  extremely dependent on t h e  ang le  of view. 
Error  
1) The l a r g e s t  p o t e n t i a l  e r r o r  i n  t h e  emi t tance  d a t a  r e s u l t s  from t h e  
u n c e r t a i n t y  of sample s u r f a c e  temperature .  This  u n c e r t a i n t y  i s  p resen t  i n  
t h e  a b s o l u t e  l e v e l  o f  t h e  emi t tance  curve .  The accuracy o f  r e l a t i v e  va lues  
betwcen any two wavrlcngths  shou ld  no t  be a f f e c t e d .  
2 )  To e s t i m a t e  t h e  ampli tude p r e c i s i o n  of t h e  spec t rometer  and da ta  
p rocess ing  system, s i x  emission spec t ra  of t h e  blackbody were recorded ,  keeping 
c o n d i t i o n s  cons t an t .  The range i n  v a l u e s  around t h c  average v a l u e  f o r  each 
s p e c t r a l  p o i n t  from 7.41 t o  14.86 microns was determined. The p r e c i s i o n  ranged 
from t- 1.4% t o  The pe rcen t  e r r o r  i n  
emi t t ance  v a l u e s  could be somewhat l a r g e r .  Another measure of r e p e a t i b i l i t y  
i s  shown i n  t h e  comparison o f  spec t r a  #86 and 889 which a r e  r e p e a t s  o f  sample 
#369. 
6.3% w i t h  an average va lue  o f  + 2.5%. - 
3) D r i f t  i n  t h e  tempera ture  of  t h e  d e t e c t o r  and o p t i c a l  components will 
a )  s h i f t  t h e  wavelength c a l i b r a t i o n  and, b )  change t h e  magnitude of t h e  s i g n a l .  
These e r r o r s  were kept  small  by monitor ing t h e  ins t rument  tempera ture .  Data 
were t aken  only  when t h e  temperature  had s t a b i l i z e d .  
4 )  The emi t t ance  equa t ion  given i n  t h e  appendix r e q u i r e s  t h e  tempera ture  
of t h e  d e t e c t o r  and t h e  enc losu re  t o  be i d e n t i c a l .  I t  i s  e s t ima ted  t h a t  t hey  
d i f f e r e d  l e s s  t han  2 O C .  - 
5 
CONCLUSION 
The emi t t ance  s p e c t r a  of weathered s u r f a c e s ,  wh i l e  they  may v a r y  con- 
s i d e r a b l y  from sample t o  sample, i n  g e n e r a l  are s t i l l  recogn izab le  as t h e  
s p e c t r a  of t h e  under ly ing  rock. 
The s p e c t r a  of t h e  a c i d i c  igneous rocks  from t h e  Mono Craters area 
are ve ry  s imilar  and would be  d i f f i c u l t  t o  s p e c t r o m e t r i c a l l y  d i s t i n g u i s h  
one from t h e  o t h e r  even wi thout  t he  problem of weather ing .  It should  be  
p o s s i b l e  however, t o  d i s t i n g u i s h  them from t h e  b a s a l t s  of  t h e  area. 
There are no s i g n i f i c a n t  s p e c t r a l  d i f f e r e n c e s  between t h e  two t e x t u r a l  
v a r i e t i e s  of b a s a l t ,  pahoehoe and aa,  from t h e  P isgah  Crater area. 
FUTURE WORK 
Fu tu re  work w i l l  be concent ra ted  on e v a l u a t i n g  t h e  l i m i t s  of v a r i a t i o n  
of t h e  spectra of weathered s u r f a c e s .  
p rove  accuracy and s i g n a l  t o  n o i s e  r a t i o .  
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S p e c t r a l  Emittance Equat ion 
The ou tpu t  of t h e  I-4T spec t rometer  i s  a v o l t a g e ,  which i s  a f u n c t i o n  
of t h e  d i f f e r e n c e  i n  r ad iance  between rock  s u r f a c e  and d e t e c t o r .  
Where 
Vvs i s  t h e  spectral  output  v o l t a g e  of t h e  spec t rometer  f o r  t h e  sample 
R, i s  t h e  spectral  r e s p o n s i v i t y  of t h e  spec t rometer  
NVs is  t h e  spec t ra l  rad iance  of t h e  sample 
N V D  i s  t h e  spectral  rad iance  of t h e  d e t e c t o r  
. NVs i s ,  however, t h e  sum of t h e  r a d i a t i o n  emi t t ed  and r e f l e c t e d  from 
t h e  rock  s u r f a c e .  
.a blackbody cti ,r i ty 
I n  t h i s  work the  sample  i s  enc losed  i n  a box which approximates 
a t  t h e  temperature  of t h e  d e t e c t o r .  The r a d i a t i o n  r e f l e c t e d  
from t h e  sample  i s  a f u n c t i o n  of t h e  r ad iance  of t h e  enc losu re  and t h e  r e f l e c t a n c e  
of  t h e  sample .  
(2) N U 5  =f, N g B B +  (1 -e,) N", 
T1 
Where 
i s  t h e  spectral  emi t tance  of t h e  rock s u r f a c e  
( 1  - e,) i s  t h e  s p e c t r a l  r e f l e c t a n c e  of t h e  rock surEace 
1 N v ~ 8  i s t h e  spectral  red iance  of a blackbody a t  T 
N V E  i s  t h e  s p e c t r a l  rad iance  of sample enc losu re  
T; 
combine (I) and (2) 
If one assumes t h a t  t h e  d e t e c t o r  and enc losu re  have an emittance of 1 
and if t h e i r  tempera!.ures are equal  a t  T t hen  N,, = N, = NvsB 
-k 
2’ 
Equat ion (3) w i l l  t hen  reduce to :  
if t h e  sample were rep laced  by a blackbody a t  T 1 ,  Q V  would be u n i t y ,  t h e r e f o r e  
The r a t i o n  of equa t ions  ( 4 ) : ( 5 )  g ives  
vvs = f v  (6) 
V V B B  
The s p e c t r a l  emi t tance  of a rock, t h e r e f o r e ,  i s  t h e  r a t i o  of v o l t a g e s  produced 
by rock  and blackbody r e s p e c t i v e l y .  
I 
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Fig. 6 Geologic Map of t h e  Pisgah Cra t e r  Area ,  Ca l i fo rn ia :  
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